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As scientific knowledge production and cutting-edge technologies continue to advance rapidly to 
generate prospects of economic growth, employment opportunities and improved health care, we 
are also seeing outcomes of accentuated social inequities in vulnerable groups in low- and middle-
income countries (LMICs). Such outputs and innovations have uniquely impacted women of 
intersecting identities and backgrounds, and their representation in the global workforce in the 
science, technology, engineering, and mathematics (STEM) fields remains low. These longstanding 
issues demand a shift in approaches to conducting STEM research and recruiting research teams that 
can reflect the diversity of lived experiences within societies. The current study investigates the 
incorporation of the Creative and Liberal Arts in STEM (STEAM) research undertaken in LMICs to 
understand how it can impact the engagement of individuals of diverse backgrounds, particularly 
women, and produce socially relevant knowledge and innovations. Through semi-structured 
interviews and an online survey with STEM scientists across Africa and South America, this report 
elucidates the benefits and challenges of STEAM research, the compositions of STEAM teams and 
their dynamics, and the integration of gender in such projects. Finally, the study discusses future 
pathways for the STEAM research agenda and recommendations to move towards better supporting 
STEAM initiatives and researchers. 
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1.1 Integrating the Arts into STEM – What is STEAM?  
 
The 'STEAM' acronym that bridges 'Science', 'Technology', 'Engineering', 'Arts', and 'Mathematics'  is 
a recent term coined in the past decade which was especially brought to light as the United-States 
passed the Every Student Succeeds Act in 2015, which aimed to provide students with a well-rounded 
and interdisciplinary education (Ludwig, Boyle & Lindsay, 2017). Originating as a pedagogical 
framework for K-12 education, elements and approaches from the Arts began to be incorporated into 
STEM curricula design to enhance creativity and problem-solving abilities (Colucci-Gray, Cooke, and 
Gray 2017; Land, 2013). Early evidence of applying STEAM approaches in higher education 
institutions from high-income countries has been shown to improve the retention of women in STEM 
degrees (Wajngurt & Sloan, 2019), make students adaptable to the rapidly changing landscape of 
science and technology (Universities Canada, 2016), and shape competitive students for the STEM 
workforce (Segarra et al., 2018).  
As the body of literature promulgating the benefits of applied STEAM education continues to 
grow, there are also scholars that caution against over-emphasizing expectations of positive 
outcomes from STEAM initiatives and who advocate for the Arts to be valued in their own rights and 
not only as an enhancing agent (Ghanbari, 2015). This debate stems from the notions that creativity 
and innovation are not exclusive to the Arts, as they are equally intrinsic to the sciences (Zimmerman, 
2017). Moreover, the significant variation in the extent to which the Arts are integrated is 
characterized as a substantial challenge, as demonstrated by an integrative review on STEAM 
education performed by Perigrat & Katz-Buonincontro (2019), which reveals that there are deviating 
opinions among scholars when referring to the concept of STEAM. There is also a lack of 
understanding and clarity of the 'A' in STEAM and the degree to which the Arts engage with STEM 
disciplines. For instance, commonly used terms to describe the relationship between STEM and Arts 
discipline include "arts-infusion, arts-integration, merging, connecting, combining and embedding" 
(Perigrat & Katz-Buonincontro, 2019, p.38).  This broad range of terms suggests that there may be a 
misalignment of how and why arts approaches are applied in STEM education.  
 STEAM research in the context of this study refers to the integration of concepts, methods 
and perspectives from the Creative Arts (visual arts, performing arts and literary arts) and the Liberal 
Arts (social sciences and humanities) in STEM research. The deep division between the Arts and 
sciences in the past half-century has led to a notable gap in the literature of overarching studies 
investigating the benefits and challenges of the application of STEAM research, especially in low- and 
middle-income countries (LMICs), which suggests that it continues to be an emerging topic. Filling 
this gap is critical as using STEM research methods alone will not be sufficient to take on the STEM-
related multi-faceted challenges with which these societies are faced (Lachman, 2018).  This study 
provides a significant opportunity to advance the understanding of STEAM research and innovation 
in LMICs, specifically how they may impact the inclusion of underrepresented groups in STEM and 





1.2 Trends of underrepresented groups in STEM in LMICs  
 
The gender gap of women in STEM fields is a global concern as they only make up 
approximately 29% of all STEM researchers worldwide (UNESCO, 2019). National and regional 
figures, however, significantly vary. Regions such as Central Asia and Latin America and the 
Caribbean are among the global leaders in women's STEM representation, attaining 48.3% and 
45.1% participation, respectively (UNESCO, 2019). Gender parity in the STEM workforce has been 
reached in several countries in the regions, such as Guatemala (53.2%), Argentina (53%), Kazakhstan 
(52.3%), and Panama (51.8%), and women are even dominating as scientists in Venezuela (61.4%) 
(UNESCO, 2019). Peru (29.9%) and Tajikistan (38.4%) hold the lowest figures of women scientists 
in their regions and are still above the global rate (UNESCO, 2019).  The Arab States (41.5%) are not 
far behind in achieving equal representation of women in the STEM workforce, but there is 
substantial variation within the region, as demonstrated by the difference between Kuwait, the 
country with the highest rate of representation at 52.6%, and Jordan, the country with the lowest 
rate at 21.4%. (UNESCO, 2019). Sub-Saharan Africa remains slightly above the global average, with 
31.8% of STEM scientists being women, but there are once more discrepancies amongst regional 
countries (UNESCO, 2019). Countries such as Burundi (14.5%), Ethiopia (13.3%), Guinea (9.8%), 
Togo (9,3%), the Democratic Republic of Congo (6.7%) and Chad (4.8%) are experiencing amongst 
the lowest in contrast to Mauritius (48.9%) and South Africa (45.1%) that have almost reached an 
equal share of gendered representation (UNESCO, 2019). Finally, there is East Asia, with 23.9% of 
STEM researchers being women and South and West Asia at 18.5% (UNESCO, 2019). Myanmar ranks 
the highest in the world with a remarkable dominance of 75.6% women in STEM, while Bangladesh 
(14.0%), India (13.9%) and Nepal (7.8%) are amongst the lowest (UNESCO, 2019).  
Figures of equal representation may be misleading, however, as there are important 
disparities across STEM disciplines. For instance, female researchers remain consistently least 
present in what are considered as the "hard sciences", such as physics, computer science and 
engineering, where mathematics plays a fundamental precursor role (UNESCO, 2017c). Other STEM 
fields are gender-balanced, some even dominated by women, such as in the life sciences, biology, 
medicine and health sciences (Huyer, 2015). The field of agriculture is also witnessing a shift in 
gender representation as women are slowly being integrated and are starting to assume leadership 
positions. However, this phenomenon of overrepresentation of women in specific disciplines, which 
is referred to as the feminization of the qualified workforce, has been found to be associated with a 
devaluation of status and remuneration in contrast to male-dominated fields (Miller, 2016). 
Additionally, the collection of sex and gender-disaggregated data within science, technology, 
and innovation (STI) systems poses a significant gap in the literature (UNESCO, 2107b). There is also 
a lack of literature that documents intersecting factors of identities in the STEM workforce, such as 
class, caste, race, sexuality, Indigeneity, disability, motherhood, and more, especially in LMICs' 
contexts. This type of data collection is paramount in coordinating targeted efforts to integrate 
women in STEM because they are not a monolith and face distinct barriers to entering and remaining 
in the field depending on their identities and experiences (Engendering Success in STEM, 2019). 
These gaps must be addressed to identify and tackle the systemic barriers that hinder inclusive 
access to opportunities in STEM work fields. 
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1.3 Attrition of underrepresented groups in STEM and factors influencing participation 
 
Women have been observed to leak out of the STEM pipeline at a more frequent rate than 
men (Blickenstaff, 2005), particularly in tertiary education as they transition from the master's to 
Ph.D. level, where participation drops from 53% to 43% (Huyer, 2015). Subsequently, the presence 
of women in STEM reaches its highest attrition levels, as only 29% enter the workforce. Previously, 
the low participation of women in STEM was rationalized by their cognitive differences that were 
thought to result in inferior mathematics and scientific abilities, which has consistently been 
disproved (Hyde & Mertz, 2009; Spelke, 2005), thereby prompting the question: How can the 
longstanding issue of underrepresentation of women in the STEM labour force be explained?  
The low representation of women in STEM in the later stages of education and early career 
stages is likely tied to their educational experiences as young girls. Asia well exemplifies this link as 
countries where boys are out-performing girls experience a lower representation of female 
scientists, such as the Republic of Korea (21.2%), and the opposite is true in countries such as 
Thailand (53.2%) and Malaysia (48.2%) where girls are earning higher learning achievements than 
boys (UNESCO, 2017c; UNESCO, 2019). Lower scores in mathematics and science subjects are also 
understood to be related to anxiety and a lack of confidence regarding scientific and mathematic 
abilities (OECD, 2015). The difference of interest in these subjects is more likely attributable to 
regional and national socio-economic and cultural factors. Lack of access to education, inadequate 
education systems, and imposed gender roles and expectations are important factors that can impede 
girls' general education, impacting participation, interest, confidence, and performance in science 
and mathematics in primary school (UNESCO, 2017a). By the time girls reach secondary education, 
when they have increased agency to shape their educational pathways to pursue post-secondary 
education, their interest in STEM disciplines has already been undermined, and these are no longer 
considered as options.  
However, reaching equal representation is not necessarily a priority for all regions; in some 
contexts, effective inclusion has gained prominence over parity. Certain countries that have attained 
or are close to attaining an equal share of female STEM workers, such as various countries in Latin 
America for example, are beginning to move beyond solely increasing participation towards 
addressing questions of equity of work conditions for female scientists in producing scientific 
knowledge (IDRC, Colciencias & OCyT, 2018). Attempting to achieve gender parity in STEM may be 
crucial for advancing gender equality, but it does not necessarily equate with an equitable work 
environment and accessible work opportunities. As women and girls progress in STEM education 
and the workforce, they are consistently subjected to systemic barriers shaped by norms and 
structures that negatively impact their capabilities and empowerment. Gendered social norms and 
behaviours typically materialize through discriminatory hiring practices (Eaton et al., 2020) and 
hostile organizational climates (Settles et al., 2006). Further, women are less likely to persist in fields 
that maintain particularly strong gender stereotypes, such as physics, engineering, and computer 
science (Cheryan et al., 2017), where they have low chances to earn lab manager positions (Moss-
Racusin, 2012) or tenure-track assistant professorships (Eaton et al., 2020). Moreover, structural 
barriers, such as inadequate maternal leave policies, play an important role in provoking women to 
leak out of the pipeline (Ceci & Williams, 2011; Okeke et al., 2017).  
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This acute attrition of women in STEM that takes place in higher education and the transition 
to the workforce is a cause for immense concern in LMICs because the obstruction of women being 
represented in positions of leadership and knowledge production effectively "[impeding] on 
innovation and economic advancement as large swaths of talent are underutilized" (New York 
Academy of Sciences, 2014, p. 5). As the knowledge of a significant portion of the population is not 
being harnessed, the capacity of LMICs to optimize economic growth, improve gender equality and 
access to quality education is thereby undermined. To address the above-mentioned systemic 
barriers in LMICs, it is imperative that government agencies, science granting councils and STI 
institutions move towards developing inclusive policies and practices, investing in training programs 
aimed at developing female STEM researchers' capacities, and incorporating sex and gender 
considerations to diversify STEM fields (Nielson, Bloch & Schiebinger, 2018; Nikoleyczik, 2012; 
Okeke et al., 2017; Wang & Degol, 2017).  
 
1.4 Inclusive research, technology, and innovation 
 
As low- and middle-income societies continue facing complex socio-economic and political 
challenges, STEM innovations that propose solutions are forcing us to scrutinize the power and bias 
that accompany them. Scientific knowledge production has a long history of systemically excluding 
individuals of intersecting identities as both knowledge producers and subjects, much to the 
detriment of advancing innovation processes and results that adequately respond to societal needs, 
particularly those of such marginalized groups. Developing and generating socially responsible 
science goes further than merely looking to scientists to produce quality science, but rather they 
assume social responsibilities so that "research [may be] carried out in the name of society, as an 
expression and a reflection of the society's needs, interests, and priorities, and of the expected or 
presumed consequences of the research findings" (Bird, 2014). White abled-bodied men from high-
income countries have typically been the reference for understanding all bodies and have historically 
been considered as the most important voices in science, which challenge this notion of socially 
responsible science and has resulted in technological designs and scientific practices suited for select 
groups (Klein, 2019). Although there has been a growing interest in gendered innovations (European 
Commission and Directorate-General for Research, 2013; Schiebinger, 2014) and using gender-
sensitive approaches to medicine (Klinge, 2010), health (Bauer, 2014; Fehrenbacher & Patel, 2019; 
Kelly et al., 2009), climate change (Weatherhead, Gearheard & Barry, 2010), information, 
communication and technology (ICT) (Webb & Young, 2005), neuroscience (Nikoleyczik, 2012; Roy, 
2016), and engineering (Udén, 2017), neither gender nor intersecting factors had been rigorously 
incorporated into STEM research until the past few decades. These oversights have had substantial 
consequences on the safety and accessibility of innovations for marginalized groups (Tannenbaum 
et al., 2019).  
As technological developments continue to advance at a rapid pace, more transdisciplinary 
and diverse research teams using approaches from the Arts are demanded to learn from and improve 
the shortcomings of previous technological production. From ill-fitting personal protective 
equipment for women (Trades Union Congress, 2017) to car crash test dummies that had not initially 
accounted for the diversity of human bodies (Kahane, 2013), these innovations and others have 
demonstrated how exclusionary and disciplinary approaches in STEM can generate dangerous 
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consequences for specific populations. Cutting-edge technologies taking the world by storm are 
raising particularly crucial questions of ethics and equity. The use of nanotechnology in LMICs, for 
instance, has been a controversial topic as its various applications have been characterized as 
catalysts for addressing development challenges in water, health and energy sectors while also 
potentially widening socio-economic gaps (Ivernizzi & Foladori, 2005). Biotechnology in medicine is 
another example of an emerging disruptive technology that has pushed ethical boundaries and has 
the potential to aggravate inequities should social determinants of health be ignored (Harcourt, 
2007)  
Similarly, the rise of Artificial Intelligence holds prospects of economic growth and 
employment opportunities, but its applications have the power to exacerbate social inequalities in 
LMICs (Smith & Neupane, 2018). For example, AI has entered social media outlets that provide large 
public spaces for networks of social connections and news consumption. Platforms such as Facebook 
use AI to filter and censor hate speech and misinformation posted from its users, a system that has 
repeatedly showcased its serious weaknesses and deadly repercussions in highly polarized contexts. 
In Myanmar, the social media's AI failed to remove hate speech that perpetuated violent rhetoric 
towards the Rohingya ethnic minority, contributing to their genocide in 2017 (Miles, 2018; Serrato 
& Meyer-Resende, 2018). Similar situations also occurred within the past few years in Sri Lanka and 
India, where widespread misinformation and hate speech that was not censored from the platform 
inflamed violence against minority Muslim groups (Kamdar, 2020). Using disruptive technologies in 
such contexts requires an understanding and analysis of the socio-political context in which it is being 
used, which must be performed by the appropriate experts.  
 Additionally, various AI systems have been found to mirror human gender and racial biases 
in their algorithms, such as biased language that perpetuated harmful gendered stereotypes 
(Bolukbasi et al., 2016) and facial recognition software that fails to recognize specific facial structures 
and skin tones, particularly those of women with dark skin tones (Harwell, 2019). Eliminating these 
discriminatory biases is an urgent matter as AI systems are beginning to play a role in state 
surveillance (Feldstein, 2019), health care (Bresnick, 2018) and education (Marr, 2018). Providing 
access to equitable work opportunities in the STEM sectors to individuals of diverse backgrounds 
and equally considering their views are the first steps to begin holding accountable human biases 
(West, Whittaker & Crawford, 2019).  
Diversity alone, however, will not be enough to challenge power in science and technology. 
Engaging and valuing the views of artists, ethics experts, gender experts, legal professionals, political 
scientists, sociologists and psychologists, among others, in the research, development and 
application of these technologies and innovations will also be paramount to mitigate and lessen their 
negative repercussions (Harcourt, 2008; Jensen, 2020; Tschopp, 2018). Therefore, the Creative and 
Liberal Arts have the potential to give a conscience and humanity to STEM by engaging with diverse, 
transdisciplinary teams that have the capacity to address persisting social inequalities rather than 







2. Research Objectives and Questions 
 
This study seeks to contribute to the emerging subject of STEAM research outcomes by 
generating new knowledge and understanding of the STEM, Arts, social inclusion and responsibility 
nexus. Foregoing are the objectives and specific questions that guided this research: 
 
Objective 1: To explore the extent to which the integration of the Creative and Liberal Arts in STEM 
research may be conducive to increasing the participation of individuals of intersecting identities in 
STEM, especially women of intersecting identities.  
- Do STEAM teams make deliberate efforts to include individuals of diverse backgrounds, 
particularly women of diverse backgrounds? 
- Are STEM research projects that integrate questions from the Arts more attractive to such 
individuals? Or rather, does their inclusion influence the decision to take on arts-based 
perspective, methods, and concepts?  
 
Objective 2: To identify the opportunities and challenges of STEAM research initiatives in terms of 
producing socially responsible outputs in LMICs through multidisciplinary, interdisciplinary, or 
transdisciplinary collaboration.  
- How are STEAM research teams composed in terms of expertise? How do the team members 
collectively work under a common framework? 
- How does STEAM research differentiate itself from conventional STEM research? 
- Do STEAM research questions, design, application and diffusion challenge existing power 




3.1 Conceptual Framework  
 
This research adopts a gender-responsive approach as gender is a core focus embedded in 
the background and rationale, research questions, methodology and analysis (IDRC, 2019). Although 
this study does engage with questions of systemic and institutional root causes of inequality and 
power imbalances, it is not considered gender-transformative as it cannot yet be contextually applied 
in informing STI policies or institutional practices. Overarching studies on the benefits and challenges 
of STEAM research in LMICs remain low, and there is much more research to do in order for them to 
be influential and transformative. 
Further, this research also considered intersecting factors of groups subject to discrimination 
due to their compounded lived experiences and identities of gender, ethnicity, race, class, caste, 
disability, motherhood, and more (Crenshaw, 1989). Such individuals are recurrently referred to in 
this report as 'individuals of intersecting identities' or 'individuals of diverse identities or 
backgrounds' not to erase or negate any identity (Bowleg, 2012). An active effort was made to 
synthesize literature on such participants to understand the diverse perspectives in STEAM research 
and their impact on their research. However, particular attention was given to the participation of 
women of diverse backgrounds in the sciences for this study per IDRC's mandate on allocating efforts 
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to address systemic barriers impacting their integration into STEM and improving their 
representation and role as leaders (IDRC, 2017).   
 This study will also privilege the concepts of multidisciplinarity, interdisciplinarity and 
transdisciplinarity as advanced by Choi and Pak's in-depth literature review (2006) who put forward 
an interesting comparison to distinguish these team disciplinary approaches: multidisciplinarity is 
additive like a salad bowl as it refers to "different […] disciplines working on a problem in parallel or 
sequentially, and without challenging their disciplinary boundaries" (Choi & Pak, 2006, p.359). 
Interdisciplinarity is considered as interactive like a melting pot, which "brings about the reciprocal 
interaction between […] disciplines, necessitating a blurring of disciplinary boundaries" (Choi & Pak, 
2006, p.359). Finally, transdisciplinarity is like cake as it takes on a holistic approach by "[involving] 
scientists from different disciplines as well as non-scientists and other stakeholders and, through 
role release and role expansion, transcends  […] the disciplinary boundaries" to produce a "final 
product that is of a different kind from the initial ingredients" (Choi & Pak, 2006, p.359). These 
interpretations emphasize how disciplinary approaches are not synonymous as they are so 
commonly interchanged in the literature, but instead they are situated along a continuum and have 
different implications. These interpretations are relevant to understand how STEAM research teams 
that are inherently multi, inter or transdisciplinary are organized and carried out.  
 
3.2 Literature review  
 
This study incorporated an in-depth literature review executed through a Web search, 
applying keywords in search engines, forums, and media platforms. Academic articles, online 
content, and open access reports relating to STEAM research and education, inclusive STEM research 
and gendered innovations were gathered from this search. The purpose of the literature review was 
to situate the research and establish the foundation for knowledge by providing context and 
background, identifying the gaps and opportunities, and informing the online survey questions and 
the semi-structured interviews. The literature review was ongoing throughout the execution of this 
project.  
 
3.3 Primary Data Collection 
 
3.3.1 Research participant profile and sample strategy 
 
The key informants recruited to participate in the study comprised of STEM researchers and 
scientists with nationality within low and middle-income countries who have experience in 
employing the Creative and Liberal Arts in their research in various capacities. This refers to STEM 
scientists who may have a background and expertise in the Arts and apply such artistic knowledge in 
their research or STEM scientists who have collaborated with experts in the Arts in research teams 
(i.e. STEAM teams). No specific country or region was chosen for this study as STEAM research 
continues to be an emerging topic in LMICs in general, and this study was utilized as an opportunity 
to capture the richness and diversity of STEAM research across regions.  
The list of participants was compiled using a purposive sampling strategy based on the 
aforementioned participant profile. Snowball sampling proved to be effective in recruiting expert 
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informants for interviews as extensive pre-existing networks of interviewees and referral contacts 
allowed for a more voluminous reach of respondents. However, this strategy did elicit a higher rate 
of interviewees from a few countries, limiting the intent to diversify participants' nationality.   
 
3.3.2 Online survey 
 
An online survey with open-ended questions was employed in an attempt to reach a high rate 
of participants to overcome travel restrictions and social distancing measures caused by the COVID-
19 pandemic. However, this method only generated eight complete responses and four incomplete 
responses that were discarded and not included in the findings and discussion. Participants were 
required to complete an informed consent form before being granted access to the survey, which 
remained open from the beginning of August until the end of September of 2020. 
 
3.3.3 Semi-structured interviews 
 
The second method used to collect primary data was semi-structured interviews with open-
ended questions that allowed participants to describe and reflect on their experiences conducting 
STEAM research. The interviews were guided by a compilation of pre-determined questions and 
probing questions, which were subject to modification at the beginning of the interview process. 12 
Interviews were conducted via phone and video call to comply with the implemented social 
distancing measures and travel restrictions. All participants were invited via email and were 
required to electronically sign an informed consent form to ensure free and fair participation. With 
the interviewee's consent, the interviews were recorded and then transcribed and translated by the 
researcher.  Interviews were conducted from mid-August until the beginning of October of 2020 and 




This study utilized a deductive and inductive thematic approach for qualitative analysis of 
translated interview transcripts and open-ended survey responses. Preliminary themes were 
informed by the literature review and the research objectives and were first manually coded by the 
researcher. The coding of emerging themes and sub-themes was then carried out using NVivo 12 
qualitative analysis software. 
 
4. Findings and Discussion  
 
4.1 Participant Profile 
 
The survey and interviews included 12 women, six men and two non-binary individuals. 
Participants also reflected a diversity across STEM expertise and disciplines and nationalities.  Please 
see Figure 1 for the distribution of nationalities and Figure 2 for the research participants' 
distribution of STEM expertise. 
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Methods Countries # of participants 
Semi-structured interviews Colombia 8 
Bolivia  3 
Peru 1 
Online survey Brazil 2 
Ghana 1 
Benin 1 




Total 10 countries 20 participants 




          Figure 2 
 
4.2 STEAM research teams compositions and expertise 
 
This study called for STEM scientists who had experience employing the Creative and Liberal 
Arts in their research in any capacity, whether they were trained in both areas or were engaged in 
STEAM teams that brought together experts from STEM and the Arts.  Participants demonstrated a 
wide range of experiences in incorporating concepts, methods and perspectives from 
communications, sociology, anthropology, theatre, design, plastic arts, painting, architecture, 
























researchers with specific disciplinary expertise in either the Arts or STEM, participants stated that 
recruiting researchers with expertise in both fields was a significant challenge when forming 
research teams:  
 
"Sometimes it's difficult finding experts in both fields, so we recruit people from each so 
they can give us a much more integral vision of what we want to analyze […]"  
 
 These views emerged mainly in relation to the concern that traditional STEM education does 
not adequately train and prepare students to become well-rounded researchers. One interviewee 
highlighted how STEM scientists are trained in an isolated environment that hinders their ability to 
insert themselves in projects where the scope is beyond the knowledge from their field:  
 
"[…] it is difficult to talk with engineers, with scientists, with biologists, chemists, and the 
challenge there is that they have been educated in these paradigms of rigid disciplines, 
of the disciplines that are not committed to the context and have no relation to it."  
A shared experience amongst participants was that of STEM researchers attempting to perform 
tasks outside of their area of expertise in the early stages of a project without the support of social 
scientists or artists. This was indicated to be linked to a common belief that STEM scientists possess 
the capacity to assume each role required to meet the research objects, regardless of if they had not 
been trained in that specific discipline, as experienced by one engineer: 
 
"We learned to respect roles because definitely one of the big problems that one 
encounters in this matter is "everything-ologist". I had commented to you that we did not 
believe that we would need someone to do any design. In our head, at the beginning of 
the research, one considers that you can do everything, you can plan, you can develop, 
you can execute it, and that has gone through the whole team, through all the processes, 
of course you can train, but it's definitely a lie […]"  
 
 However, others recognized the limitations of their skills and knowledge and formed their 
research teams according to the project's specific requirements. Those who tried to take on concepts 
from the Arts without the appropriate skills were disappointed when the final products were not 
well received and did not meet the objectives of the project. Failure to assume multiples roles due to 
lack of relevant training prompted a critical reflection within teams about the necessity of 
collaborating with artists and social scientists. One engineer whose team of creative artists and 
scientists developed and commercialized a pharmaceutical product described their experience with 
arriving at this realization:  
"[…] in the first instance, they were elements that we required that only came out of us, 
that is, artistic and that creative part can be developed as an inherent capacity of each of 
the researchers. And we did [laugh]. I can't tell you that the results were good [laugh]. 
When we threw that out, the reviews about the product and the entire investigative 
process were super good, but the image, the design and everything else, was catastrophic 
[…]"  
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By reuniting discipline-specific experts and researchers with the expertise of both fields when 
possible, STEAM teams developed multidisciplinary, interdisciplinary, and transdisciplinary 
collaborations to design, develop, execute and disseminate their research. Multidisciplinary 
frameworks were not commonly adopted amongst the researchers as they mostly favoured 
interdisciplinary and transdisciplinary research. This indicates a relatively strong level of 
engagement between disciplines rather than the minimum level that categorizes multidisciplinarity. 
STEAM teams that employed methods from the Creative Arts typically assumed an interdisciplinary 
framework as designers and artists were more involved in the final steps of STEAM initiatives to 
translate research or render a product more visually pleasing to the target publics. In contrast, 
transdisciplinary teams from the study generally called for more integral incorporation of 
components from the Liberal Arts, such as applying a social lens to the conceptual framework, 
including gender considerations and analysis and engaging with communities. These characteristics 
illuminate the gap in how the visual arts, performing arts and literary arts are being incorporated in 
STEM research and application compared to the social sciences and humanities.  
 
4.3 STEAM research initiatives and representation of marginalized groups 
 
When looking at how STEAM teams were composed in terms of gender, specifically, the 
scientists had predominantly been involved in gender-balanced teams or involved mostly women. 
Few participants had engaged in male-dominated teams or teams with members that identified as 
neither men nor women. This result is interesting because of the prioritization of expertise before 
gender identity when forming STEAM teams. The STEM scientists stated that they often relied on 
their professional networks to find other researchers to engage in their initiative, although there 
were teams that made active efforts to have a gender balance despite the challenges of finding experts 
of specific genders: 
 
"Yes we always try to have a balance but in the African context it is always a challenge 
because we usually almost always have more men than women."  
 
Applying to secure funding for STEAM research was reported to present opportunities for 
social inclusion as funding may require gender-balanced teams. One engineer describes how this 
incentive impacted the inclusion of women in their project:  
 
"In the project, when we were writing the paper to apply for the funds, yes, we knew that 
they were going to value gender equity very highly, or that there are equal numbers of 
women, equal numbers of men. Just as something that is within the components of the 
research project is basically how you address gender in environment within the 
research." 
Integrating marginalized groups as researchers in STEAM projects was also an issue when 
recruiting team members as their underrepresentation in higher education poses a barrier. STEAM 
teams still managed to include female students, students with disabilities, students from low-
socioeconomic backgrounds, ethnic minorities and individuals from the LGBTQ community. It is 
worth noting that the research participants who belonged to diverse teams, especially those that 
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included more women and individuals identifying outside of the gender-binary, commented that the 
process of recruiting these researchers occurred organically because their distinct perspectives and 
lived experiences rendered them more attracted to the unconventional questions addressed by 
STEAM research. Two expert informants expressed this experience:  
 
"[The team] was formed by Queers, by the weird folk, by nerds, those that are not from 
[the city], those are from the peripherals but are interested by the Arts in science for 
example. I don't know, those people just come together. We did a call for those students; 
they are the people that surround us. And with them, we finished working. I don't know, 
it's a natural connection." 
 
"It was natural to include Arts in our STEM research. Mostly because, as women, with 
different backgrounds, motherhood, gender, and sexual experiences we also lead our 
personal research and studies through diversified approaches." 
 
 Further, one engineer remarked how having a diversity of perspectives created a safe climate 
and space of exchange where they felt comfortable and included: 
 
"But, in changing being in a group where there are people who are from different 
backgrounds, you make psychologist friends, sociologist friends, you are with other 
engineers, mathematicians, it creates like a neutral environment in which you no longer 
have the fear to argue, to express your opinions and I think you feel a little more natural. 
I think that's a... a very interesting aspect of including the Arts within research, that they 
become STEAM, is that you feel more neutral, you feel more confident as well and, well, 
that's very helpful for the research project, that people feel more comfortable, […]"   
 
4.4 Challenges and best practices of inter and transdisciplinary collaboration  
 
Several challenges were identified from the interviews and survey responses regarding 
interdisciplinary and transdisciplinary STEAM research. Among these challenges was the perceived 
strong divide between the Arts and STEM experts, as echoed in the literature. For instance, one 
researcher who had not undertaken STEAM research until engaging in their current project 
described the experience of breaking down the tendency to work in silos in between disciplines to 
move towards an interdisciplinary approach:  
 
"I think that we say, "Someone else is going to do it", we think "I only do the technical 
part" and this is how we have been approaching it in many of the engineering companies. 
But these last years, in which I was telling you, we have been working more with 
professionals from other disciplines, we have not realized that it is not so, that it is really 
necessary to approach a problem in an integral way."  
 
Further, participants discussed the occasional unwillingness of STEAM team members, from 
either STEM or the Arts, to accept or understand the relevance of different knowledge, methods and 
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concepts than what they are used to applying. By being skeptical about adopting certain aspects from 
other disciplines, the development of research design and execution would be hindered, despite the 
necessity of such an incorporation in the projects. It was suggested that these entrenched divides 
stemmed from negative preconceived notions of other disciplines and those who practiced them: 
 
" […] I realized that there were certain perceptions that were held about what 
engineering is, that were accurate, but there were many perceptions that I considered 
not so accurate, for example, something that came out a lot in the workshop when 
sociologists especially talked about work in the communities, they were a little bit, like 
"The engineer was going to tell people what to do". So, it seems that they looked at us as 
people who tell people what to do, and, really, they always think they are right."  
 
Another prominent challenge that surfaced across countries was the lack of funding 
opportunities for collaborative STEAM research. Participants stated that science-granting councils, 
higher education institutions and sciences ministers focused more on providing funding to target 
disciplinary projects in themes such as health, agriculture and technology. One participant also 
expressed that the recent pandemic would only accentuate the scarcity of funding available for 
STEAM research to invest in disciplinary efforts. In contrast to these frustrations, however, it was 
also suggested that government funding for STEAM research is starting to gain prominence and is 
becoming more open to funding cross-disciplinary projects: 
 
"I think there are currently budgets, because the current government policy decided to 
focus on something that is the creative industries, and within the creative industries, they 
recognize the participation of art, as it can be to a great extent autonomously, as an 
artistic practice and to another extent as an instrument of entertainment, or an 
instrument of ... the dissemination of knowledge. So, I think there is a budget at the 
moment of medium, medium capacity […]" 
 
 There were specific examples of STEAM research best practices that surfaced, such as holding 
monthly and annual meetings with all members of the project to exchange and communicate ideas in 
a collaborative way, develop the research design and write the final results together. This practice, 
although time-consuming, was said to ultimately improve group performance and enhance 
collaborative work. Additionally, researchers made efforts to establish a transdisciplinary approach 
to their STEAM teams where both artistic and scientific knowledge could be equally utilized and 
valued, as illustrated by the following comment:  
 
"So, as you can see, these are very interdisciplinary projects, even I think, because we 
work with, we listen to [the social scientists and artists], we take into account what they 
say in the community, I would even say an approach to transdisciplinary. Because they 
are part of the same research, and their opinion counts, we take it very much into 
account, that's the approach I've been working with for the last three years."  
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 One researcher recounted how their training in both the social sciences and STEM allowed 
them to facilitate the connection between fields to develop such a transdisciplinary dynamic:  
 
"[…] my training, I have that training of a doctorate in sociology and engineering, so there 
has always been that bridge between those disciplines, and I am connected with social 
sciences groups. […]"  
 
In interdisciplinary teams composed of disciplinary-specific researchers, tasks and 
responsibilities were delineated to specific members to prioritize utilizing their specific skills and 
knowledge for the purposes of their role: 
 
" And then, there we learned certain elements and we learned that ... there is a saying, it 
is said "Shoemaker to your shoes." So, when it arrived, do you know what this saying 
means? It is that, if you are a smart expert, then all that it means to work in that area, you 
have to do it. But beyond that, no, because it is not your area."  
 
4.4 Gender, intersectionality, and socially responsible outcomes 
 
Despite the aforementioned barriers and challenges, researchers expressed that the 
outcomes generated from the collaborative STEAM research outweighed these issues. Notably, 
participants discussed the different ways their research challenges power structures and inequality 
by first acknowledging and addressing the fact that technologies and innovations are not without 
bias. Strategies and efforts to challenge power structures differed amongst the research participants' 
projects depending on the research objectives and scope. STEAM projects that specifically focused 
on addressing gender equality, for instance, incorporated gender considerations in multiple stages 
of the research design, included women as research participants and applied a gender-based analysis. 
The distinct lived experiences within diverse teams was suggested to inspire the decision to 
undertake a core focus of gender in research. One chemist described this interaction:  
 
"No, I think that [gender and diversity are] our themes, our battles. We cannot dissociate 
our academic lives to our activism. Our activism, we must do it from academia, from our 
methodologies. There is our activism. We do our own activism in the streets, in the 
marches. They're our lives, we cannot disassociate from what we are."  
 
Participants also discussed that considering gender as a core focus may not always be 
appropriate depending on whether the research context calls for it and what the project hopes to 
achieve. Beyond questions of gender, however, social scientists and artists' expertise was also 
reported to support the adoption of an intersectional approach to incorporate considerations of 
various marginalized identities, such as race, class, ethnicity, disability, and motherhood within the 
rationale methodology and analysis. This theme was especially reiterated in the context of 
conducting research in communities as researchers who possessed extensive knowledge of social 
and cultural issues allowed STEAM teams to build bridges and foster trust with their research 
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participants. Another chemist whose study investigates the health risks of working with pesticides 
in local communities explained how they needed to gain the trust of community members to be able 
to determine the quantity of pesticides in their blood. The following two quotes from this researcher 
capture their experience working with experts who could connect with the communities:   
 
"If I had had another approach than I did before, because I had done a similar study alone 
before not with an interdisciplinary team, well, it was... I got fewer participants in the 
study before. Because we reach out to the community, we do an explanation and that's 
it, but now the approach is different thanks to the social sciences. Gaining the trust of the 
community is very different […]"  
 
"[…] those who came from sociology, not only had experience in gender issues, but also 
had experience in studies with different ethnicities, issues of race. So, they already had 
the issues very clear, they had done research on them, on other issues, but they 
addressed both gender and race issues."  
 
Moreover, integrating the Creative Arts in designing final products that aimed to be effectively 
used in societies made them more palatable. Participants discussed how their innovations became 
more approachable for the public's usage by employing visual artistic concepts. For instance, one 
transdisciplinary STEAM project is applying an intersectional approach to developing prosthetic 
limbs for women with physical disabilities and incorporated elements from design to make them 
aesthetically pleasing and increase the rate at which their target public wore them.  The Creative Arts 
also allowed researchers to address sensitive societal issues, as exemplified by one project that 
united artists and engineers to create virtual actors that communicated testimonies of real people 
that disappeared due to the internal armed conflict of the country. This project aimed to help 
communities heal from the loss of those who are missing and to move forward with coping with the 
controversial peace accords.  
Additionally, it was noted by one engineer that utilizing unconventional knowledge and 
research methods in and of itself challenged hierarchical notions of knowledge that are so ingrained 
in scientific institutions: 
 
"[…] To make visible certain… a bit the invisibility of the evaluation systems that only 
take into account the product of hegemonic knowledge. So, in that sense there is a 
discussion about certain practices that we call 'orphan practices', research that isn't 
recognized, that is invisible. There is potential, but they are not valued by institutions. 
So, there is a discussion, and also the research on networks to make visible that 
production of knowledge that can be made in the periphery of networks."  
 
4.5 Accessible knowledge and outputs through the Arts 
 
A common application of the Arts in interdisciplinary STEAM innovations and research 
among the participants was for scientific knowledge translation purposes. Participants discussed 
how the Arts allowed for a diversification of final products and outputs that are outside of the norms 
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of scientific research products that can only be understood by individuals well-versed in the matter, 
such as with academic papers and articles.  
 
“[…] I am not interested in papers. But yes, we have a ton of films, pamphlets… the things 
that we use to work with communities aren’t papers. Videos. Short films. Because we 
can’t arrive there and say we’ll write a paper, that does not go through my mind. To not 
use methods from the Arts would be incongruent. And if we wanted to do a project one 
day with music, our product would certainly be a song. Or a musical piece. Because if we 
are working from the Arts, the products must be from the Arts, from design.”  
 
Examples of finals products developed by the participants’ research teams included murals, 
paintings, sculptures, theatre pieces, dance performances, poetry, films, graphic design work, and 
others. This role of the Creative Arts also highlighted the need to recognize and value distinct 
products as outputs to present research results. One researcher stressed how this diversification 
calls for a better recognition of the Creative Arts: 
 
“If we want to validate the space for the Arts, we must start transforming things like that, 
that products from the Arts aren’t papers. And the way of working from the Arts doesn’t 
produce papers, they are pieces, for example graphic design. They are artwork if we’re 
talking about the plastic arts. It’s producing short films if we are working with the visual. 
We cannot be obligated to produce papers. And that’s how we work in terms of that 
connection, of recognizing the value of the Arts. The value of the Arts is in the way in 
which they are expressed.”  
 
Such knowledge translation strategies were said to have been particularly helpful when STEAM 
teams conducted research in communities where literacy rates are low and scientific papers are 
impractical in disseminating research results.  However, other participants refuted the idea of 
utilizing the Creative Arts specifically as a medium to disseminate scientific knowledge because of 
how they are limited to playing a secondary role instead of being embraced for their full creative 
capacity. This contrarian opinion is demonstrated by the following comment:  
 
“I think it is misguided to think of the Arts in an instrumental way. It's unfortunate, um ... 
but it's a very common place, to use the Arts as a dissemination mechanism to convey an 
idea. Yes? Because there is a subordination of the place of the Arts, the Arts are 
subordinated to the cognitive plan of science, for example, engineering, technology.” 
 The different beliefs of this use of the Creative Arts reflects what was found in the literature 
regarding the varying purposes amongst scholars who employ STEAM approaches.  
  
5. Conclusion  
 
The purpose of this study was to generate knowledge on the extent to which STEAM 
approaches are used to advance research in LMICs and what benefits such approaches bring to the 
 19 
research enterprise in STEM fields, particularly on the underrepresentation of marginalized groups, 
as well as the production of socially responsible research and innovations. Drawing from the 
literature and experts' experiences, this study has highlighted the importance of fostering 
collaborative work between the sciences and Arts to render STEM outputs more humane and 
inclusive of experiences and groups that have traditionally been excluded from contributing to the 
production of scientific knowledge. Although coordinating and facilitating multi, inter and 
transdisciplinary expertise holds significant challenges, such as access to funding, divisions between 
fields and forming diverse teams, the potential and opportunities that STEAM research can offer are 
immense.  
Echoing what was found in the literature, the research findings point to the increasing need 
for a diversification of perspectives from various Arts disciplines to contribute to shaping STEM 
innovations and research that actively challenge the influence of human bias. Moreover, STEAM 
projects that adopt gender considerations and intersecting factors tend to involve diverse teams of 
individuals of various intersecting identities, and vice-versa. However, there was also push back 
against the use of quotas instead of prioritizing the skills and abilities of an individual regardless of 
gender. Best practices of commonly used inter and transdisciplinary STEAM team dynamics included 
investing time in monthly or annual team meetings, seminars, and workshops, developing 
comprehensive frameworks to engage each actor from the relevant disciplines, and delineating tasks 
and responsibilities based on expertise. Finally, another significant finding that emerged from the 
interviews and surveys is the use of the Arts to disseminate and translate accessible scientific 
knowledge to multiple publics and communities.  
Taken together, these findings support recommendations for the relevant stakeholders to 
better support STEAM researchers and diverse women in STEM on distinct institutional levels:  
 
1) Science granting councils, science ministers and higher education institutions to provide 
multi-year funding opportunities for interdisciplinary and transdisciplinary STEAM 
research initiatives with specific requirements of gender considerations; 
2) Further develop and promote STEM graduate studies or research training initiatives that 
incorporate the Arts in LMICs higher education institutions, and;  
3) Improve methods of collecting gender-disaggregated and intersectional data of workers 
within STEM institutions for more targeted policies in support of inclusion and diversity. 
 
Notwithstanding its small number of primary informants due in part to COVID-19,  this study 
offers valuable insights into how the questions addressed in multi, inter and transdisciplinary STEAM 
research may attract researchers of diverse backgrounds, especially female researchers, in LMICs so 
that their untapped potential may be leveraged. This topic has largely been neglected by the 
literature thus far; therefore, this study lays the groundwork for much-needed research on the 
integration of the Creative and Liberal Arts in STEM projects and its implications regarding social 
inclusion and the production of socially responsible outputs in such undertakings. More broadly, 
further larger-scale investigation on STEAM research outcomes in LMICs will be crucial for these 
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